The transient response of a Mode-III crack propagating in a magneto-electro-elastic solid subjected to mixed loads is investigated through solving the corresponding boundary-initial-value problem in both the cracked solid region and the interior fluid region with treatment of electro-magnetically permeable and impermeable crack face conditions in a unified way. The closed-form results for the dynamic field intensity factors are used to evaluate the dynamic energy release rate through the crack-tip dynamic contour integral. The permeability of the interior fluid region relative to the cracked solid region significantly affects the magneto-electro-mechanical coupling coefficient in the Bleustein-Gulyaev wave function and, consequently, the horizontal shear surface wave speed, the dynamic field intensity factors and the dynamic energy release rate. It is revealed from dynamic fracture mechanics analysis that the dynamic energy release rate thus obtained has an odd dependence on the dynamic electric displacement intensity factor and the dynamic magnetic induction intensity factor. It is also found that the horizontal shear surface wave speed provides the limiting velocity for the propagation of a Mode-III crack in a magneto-electro-elastic solid when there is only applied traction loading.
Introduction
Over the past two decades, dynamic fracture of smart and adaptive structural systems using the functional properties of piezoelectric and piezomagnetic materials to achieve superior performances has drawn considerable attention (e.g., Maugin, 1994; Dascalu and Maugin, 1995; Li and Mataga, 1996a,b; Shindo et al., 1996; Narita and Shindo, 1998; Chen and Yu, 1998; Wang and Yu, 2000; Kwon and Lee, 2001; Ing and Wang, 2004a,b; Yang, 2004; Li and Yang, 2005; Li, 2005; Feng and Su, 2006; Feng et al., 2007; Chen et al., 2007 Chen et al., , 2008 . Transient response of advanced functional materials in the presence of multi-field coupling effects exhibits features distinct from those found in purely mechanical problems. For instance, a horizontal shear surface wave may occur in transversely isotropic magneto-electro-elastic solids (Alshits, 2002; , whereas there is no anti-plane mode surface wave in purely elastic solids of the same symmetry. The coexistence of piezoelectric, piezomagnetic and magneto-electric coupling effects brings about more difficulties to solving transient crack growth problems analytically.
The monograph by Freund (1990) gives a comprehensive overview on the development of dynamic fracture mechanics concerned with fracture phenomena for which the inertia effects arising either from rapidly applied loading or from rapid crack propagation become significant. Freund (1972 Freund ( , 1990 ) developed a solution procedure for dynamic crack propagation in an elastic solid subjected to general loading: ''The mechanical fields prior to crack growth are equilibrium fields. If the loading is increased to a sufficiently large magnitude, then the crack will begin to extend. . . The applied loads induce a traction distribution on the crack plane ahead of the crack tip, and the process of crack growth is essentially the negation of this traction distribution. This idea is exploited to obtain a complete solution for general loading by means of superposition. . . First, the situation of crack growth with a pair of opposed concentrated forces acting on fixed material points on the crack faces is analyzed, giving rise to a very useful result called the fundamental solution for the problem. Then, the corresponding field quantities for any distribution of tractions on the crack faces can be determined directly by superposition over this fundamental solution."
Due to mathematical difficulties, exact analytical solutions for transient crack growth problems involving coupled fields are rare and numerical methods are often adopted in most of research work. By extension of the approach developed by Freund (1972 Freund ( , 1990 for elastodynamic crack growth problems, Li and Mataga (1996a,b) first obtained closed-form solutions for transient response of a semi-infinite anti-plane crack propagating at a constant speed in a hexagonal piezoelectric medium with electrode-and vacuum-type crack face conditions to meet the Bleustein-Gulyaev surface wave phenomenon, and calculated the energy release rate via the path-independent integral constructed with the use of the electric enthalpy (Pak and Hermann, 1986; Pak, 1990; Maugin, 1994) . Since the Bleustein-Gulyaev surface wave speed strongly influences crack propagation, the nature of Mode-III dynamic fracture of piezoelectric materials is essentially different from that of purely elastic materials, exhibiting many features only associated with in-plane modes in the elastic case. Ing and Wang (2004a,b) conducted further transient analysis of a stationary or propagating semi-infinite Mode-III crack problem with characteristic length for the electrode case. Similar to the electrode solution by Li and Mataga (1996a) , the major results by Ing and Wang (2004b) also indicate that the dynamic stress intensity factor and the dynamic energy release rate go to zero as the crack propagating velocity approaches the Bleustein-Gulyaev surface wave speed under this particular boundary condition. Melkumyan (2005) made some corrections on the expressions and plots in the paper by Li and Mataga (1996a) . Chen et al. (2007) investigated the transient response of a propagating crack subjected to dynamic anti-plane body forces for piezoelectric material with the electrode-type crack face boundary condition. Chen et al. (2008) also studied dynamic interfacial crack propagation in elastic-piezoelectric bi-materials subjected to uniformly distributed anti-plane loading on crack faces with the assumption of the electrode-type boundary condition.
To obtain the vacuum solution, Li and Mataga (1996b) made an alternative assumption that there is a permeable vacuum free space between the crack surfaces, which allows for applied electric charge as well as applied traction on the crack surfaces. Somewhat unexpectedly, even under purely traction loading, the energy release rate based on the vacuum solution (Li and Mataga, 1996b) does not go to zero as the crack propagating velocity approaches the Bleustein-Gulyaev surface wave speed, unlike the elastodynamic in-plane case (Freund, 1990 ) and the electrode case (Li and Mataga, 1996a ). It appears that the vacuum solution provided by Li and Mataga (1996b) is fundamentally questionable due to the selection of the specific form of the solution in the vacuum region. Li and Mataga (1996b) remarked, ''The choice in (32), however, renders a physically plausible result. Specifically, (32) predicts the surface wave solution." Nevertheless, the selection of (32) by Li and Mataga (1996b) leads to a discontinuity of the transformed electric potential as y tends to zero, which is contradictory to their own assumption of the existence of a permeable vacuum free space between the crack surfaces. Since the solution in the vacuum region is not subjected to any remote conditions, the complete form of the solution should be used instead of the specific form chosen by Li and Mataga (1996b) .
It is well known that an important requirement of fracture mechanics analysis is to evaluate accurately the energy release rate serving as the crack driving force. Nevertheless, the main difficulty lies in the fundamental discrepancy between theoretical prediction and experimental observation on the conventional (insulating, unelectroded) crack behavior in piezoelectric materials, as reviewed by Zhang et al. (2002) , Chen and Lu (2003) and Zhang and Gao (2004) . Numerous attempts at reconciling theoretical models with experimental data have been made (e.g., Park and Sun, 1995a,b; Zhang and Tong, 1996; Gao et al., 1997; Fulton and Gao, 2001; McMeeking, 2001 McMeeking, , 2004 Li, 2003; Gao et al., 2004; Zhang et al., 2005; Haug and McMeeking, 2006; Gao et al., 2008; Zhao and Fan, 2008; Li et al., 2008) . Chen (2009a) recently proposed a new formation of the energy flux integral and the energy-momentum tensor for studying the crack driving force in electro-elastodynamic fracture and showed that the dynamic energy release rate thus obtained has an odd dependence on the electric displacement intensity factor, which is in agreement with experimental evidence. Furthermore, Chen (2009b,c) extended the study to dynamic fracture of magneto-electro-thermo-elastic solids and also developed a nonlinear field theory of fracture mechanics for paramagnetic and ferromagnetic materials with the inclusion of bulk dissipation.
The objective of the present work is to perform dynamic fracture mechanics analysis of a semi-infinite Mode-III crack propagating at a constant speed in a magneto-electro-elastic solid subjected to mixed loads based on the newly formed dynamic energy release rate (Chen, 2009b) . In Section 2, the corresponding boundary-initial value problem is formulated with governing equations together with appropriate boundary and initial conditions. In Section 3, the Wiener-Hopf and Cagniard-de Hoop techniques are used to solve the boundary-initial value problem in both the cracked solid region and the interior fluid region under traction loading only. In Section 4, the closed-form fundamental solutions for traction loading only case are generalized to mixed loading case, resulting in self-induced and cross-over dynamic field intensity factors. In Section 5, the dynamic energy release rate is calculated from the crack-tip dynamic contour integral with the use of the dynamic field intensity factors, and the surface wave effect on dynamic crack propagation in the presence of piezoelectric, piezomagnetic and magneto-electric coupling effects is discussed. In the end, concluding remarks are given.
Formulation of the problem
Consider a semi-infinite Mode-III crack propagating at a constant speed c in a magneto-electro-elastic solid (Fig. 1) under the assumption that there is vacuum, air or other fluid of negligible mechanical influence inside the crack, occupying the region X ðf Þ ¼ fð e X 1 ; e X 2 Þj À 1 < e X 1 < 0; Àd < e X 2 < dg. A reference coordinate system affixed to the moving crack tip is chosen with the e X 3 -axis parallel to the crack front along the symmetry axis. The solution procedure for elastodynamic and electro-elastodynamic crack growth problems outlined by Freund (1972 Freund ( , 1990 and Li and Mataga (1996a,b) will be extended in this and subsequent sections to magneto-electro-elastodynamic crack growth problems with unified treatment of electro-magnetically permeable and impermeable crack face conditions. It is assumed that for time t < 0 the crack tip is at X 1 ¼ 0 and the magneto-electro-elastic material is load free and at rest everywhere. At time t ¼ 0 the crack tip begins to move at speed c in the positive X 1 -direction and leaves behind a pair of mixed concentrated loads. Analyzing the situation of crack growth with a pair of mixed concentrated loads acting upon fixed material points on the crack faces gives rise to the fundamental solutions, which can be employed like a Green's function to determine the corresponding field quantities for general mixed loading by means of superposition.
The basic field equations for generalized plane crack problems under coupled magneto-electro-mechanical boundary conditions can be found in the previous paper (Chen, 2009b We investigate the perturbation solution corresponding to transient loading of the crack surfaces under the assumption that the pre-existing state is quiescent and can be removed by superposition (Freund, 1990; Li and Mataga, 1996a,b) . For such a solution, the remote conditions may be taken as
Following the approach introduced by Freund (1972) and extended by Li and Mataga (1996a,b) to obtain the fundamental solutions, a pair of mixed concentrated loads equal in magnitude and opposite in sign are suddenly applied on the upper and lower surfaces of the crack at t ¼ 0 þ . The corresponding boundary conditions are imposed t r 23 ð e The initial conditions are wð e X 1 ; e X 2 ; 0Þ ¼ 0 ð23Þ
The one-sided Laplace transform with respect to the time variable t and the two-sided Laplace transform with respect to the spatial variable e X 1 are applied:
f ð e X 1 ; e X 2 ; tÞ ¼ 1 2pi
where the inversion integration is taken over the Bromwich path. Eqs. (1)- (5) are converted into a set of ordinary differential equations:
Under traction loading only, the transformed versions of the boundary conditions (19)- (22) 
. A single parameter similar to k e was introduced by McMeeking (1989) and Zhang and Tong (1996) in their studies on fracture of electrostrictive and piezoelectric materials, and two similar parameters were used by Gao et al. (2004) for a Mode-III crack in a magneto-electro-elastic solid. Eqs. (56) and (57) have the following limits: the electrically and magnetically permeable crack face condition as k e ! 0 and k m ! 0, the electrically and magnetically impermeable crack face condition as k e ! 1 and k m ! 1, the electrically permeable and magnetically impermeable crack face condition as k e ! 0 and k m ! 1, and the electrically impermeable and magnetically permeable crack face condition as k e ! 1 and k m ! 0. The electro-magnetically semi-permeable crack face condition may be approximated if k e and k m are considered as finite non-zero parameters. For simplicity, k e and k m are taken to be constant in the following analysis.
The transformed total stress, electric displacement and magnetic induction fields can be expressed in terms of the single unknown function U À ðfÞ as
is the magneto-electro-mechanical coupling coefficient depending on the permeability parameters k e and k m ; À1=ðv T À cÞ < f a < 1=ðv T þ cÞ; Àe < f b < e.
Substituting (59) 
The Wiener-Hopf equation (64) has identical structure to that solved by Li and Mataga (1996a,b) except that the magneto-electro-mechanical coupling coefficient k k em depending on the permeability parameters is used in the Bleustein-Gulyaev wave function instead of the electro-mechanical coupling coefficient k e or k v , i.e., BGðfÞ ¼ aðfÞ À k k2 em bðfÞ ð 67Þ
The expression (65) may be rewritten in the form
where an auxiliary function is introduced by
and the horizontal shear surface wave speed is defined as
For the electrically and magnetically permeable crack face con- (Li and Mataga, 1996a; Ing and Wang, 2004b) instead of the vacuum solution (Li and Mataga, 1996b) . The equality of the horizontal shear surface wave speed to the bulk shear wave speed in the limit of electromagnetic impermeability indicates that there is no horizontal shear surface wave mode under the electrically and magnetically impermeable crack face condition.
Further details in derivation of the closed-form fundamental solutions for the traction loading only case are given in Appendix A. The corresponding field quantities for any distribution of tractions may be determined by superposition in the manner of Freund (1972 Freund ( , 1990 and Li and Mataga (1996a,b) , which will be addressed in Section 4. With a normalization based on the corresponding quasi-static value (Freund, 1972 (Freund, , 1990 Li and Mataga, 1996a,b) , the dynamic total stress, electric displacement and magnetic induction intensity factors are obtained from the fundamental solutions as IIIT ðcÞ are universal functions. As the crack propagating velocity c approaches the horizontal shear surface wave speed c k bg , the dynamic total stress intensity factor goes to zero but the dynamic electric displacement and magnetic induction intensity factors do not vanish under traction loading only. The dynamic total stress, electric displacement and magnetic induction intensity factors given by (71)-(73) are reduced to those for the electrically and magnetically permeable crack face condition as k e ! 0 and k m ! 0, for the electrically and magnetically impermeable crack face condition as k e ! 1 and k m ! 1, for the electrically permeable and magnetically impermeable crack face condition as k e ! 0 and k m ! 1, and for the electrically impermeable and magnetically permeable crack face condition as k e ! 1 and k m ! 0. It can be verified that the above fundamental solutions and intensity factors retrieve the results for dynamic anti-plane crack propagation in a purely elastic medium (Freund, 1990; Ma and Chen, 1992) .
Fundamental solutions and intensity factors for mixed loading case
The general solutions given by (34)-(38) still hold but the unknown functions need to be determined under the mixed boundary conditions (18)- (22) with non-zero P 0 ; Q 0 and R 0 . Since the continuity conditions (21) and (22) for the electric and magnetic potentials are kept the same, the functions D þ ðfÞ; D À ðfÞ; E þ ðfÞ and E À ðfÞ can be calculated from (54) and (55) as long as the functions AðfÞ; BðfÞ and CðfÞ are attained.
Substituting the unknown functions AðfÞ; BðfÞ and CðfÞ back into the transformed version of (18-20) yields the following integral equations:
CðfÞ expðpf e X 1 Þdf ¼ 0 for e X 1 > 0
ð76a-bÞ
where BðfÞ ¼ BðfÞ þ c 1 AðfÞ; CðfÞ ¼ CðfÞ þ c 2 AðfÞ; c 3 ¼ ð1 À 1=k e Þð1À 1=k m Þj 11 l 11 À g 2 11 ; e LðP 0 ; Q 0 ; R 0 Þ ¼ P 0 þ Q 0 ½e 15 l 11 ð1 À 1=k m Þ À f 15 g 11 = c 3 þ R 0 ½f 15 j 11 ð1 À 1=k e Þ À e 15 g 11 =c 3 ; Àe < Reðf c Þ < e.
The dual integral equation (74a-b) has the same structure as the Wiener-Hopf equation encountered in the preceding section. Since crack propagation at sub-surface wave speed is of primary interest, only the sub-critical case for c < c k bg is considered here. The solution can be written as
On the other hand, following the procedure outlined by Sih and Chen (1977) and used by Li and Mataga (1996b) , the solutions for the dual integral equations (75a-b) and (76a-b) are obtained as
where
Further details in derivation of the closed-form fundamental solutions for the mixed loading case are given in Appendix B. The results may be generalized to any mixed load distributions following Freund (1972 Freund ( , 1990 and Li and Mataga (1996a,b) . Let
1 =cÞ, respectively, denote a field quantity in the fundamental solutions for unit concentrated shear loads, unit concentrated electric loads and unit concentrated magnetic loads appearing on the crack faces at X 1 ¼ X Freund (1990) provided some illustrative cases in Section 6.4.3 of his monograph. In an analogous way, as it begins to grow at speed c from rest in a magneto-electro-elastic solid, the advancing crack relieves the equilibrium intensity factor fields and leaves uniformly or non-uniformly distributed traction, electric and magnetic loads on the newly generated crack surfaces.
With a normalization based on the corresponding quasi-static value (Freund, 1972 (Freund, , 1990 Li and Mataga, 1996a,b) , the self-induced and cross-over dynamic total stress, electric displacement and magnetic induction intensity factors can be expressed as 
e L 2 ð1; 0Þ 
where the subscript IIID indicates electric loading and the subscript IIIB indicates magnetic loading. Unlike the traction loading only case, the dynamic total stress intensity factor does not tend to zero as c ! c k bg under mixed loading due to the existence of the cross-over terms. The self-induced and cross-over dynamic total stress, electric displacement and magnetic induction intensity factors given by (81)- (89) are reduced to those for the electrically and magnetically permeable crack face condition as k e ! 0 and k m ! 0, for the electrically and magnetically impermeable crack face condition as k e ! 1 and k m ! 1, for the electrically permeable and magnetically impermeable crack face condition as k e ! 0 and k m ! 1, and for the electrically impermeable and magnetically permeable crack face condition as k e ! 1 and k m ! 0. In particular, it turns out that the dynamic field intensity factors are not altered by applied electric and magnetic loads on the surfaces of an electro-magnetically permeable crack because there is no gap assumed between the top and bottom surfaces of the crack and, with an electro-magnetically permeable interior, the electric and magnetic loads on the upper surface effectively cancel out those on the lower surface. This outcome is analogous to the finding by Haug and McMeeking (2006) on a permeable crack with surface charge in poled ferroelectrics. As the crack propagating velocity approaches zero, the quasi-static limits of (81)-(89) are consistent with the existing static crack solutions (Zhang and Tong, 1996; Gao et al., 2004; Wang and Mai, 2004; Haug and McMeeking, 2006) . Especially, from expressions (82) and (83), the cross-over terms due to electric and magnetic loading become negligible for quasi-static crack propagation.
Dynamic energy release rate and surface wave effect
The dynamic energy release rate, which is defined as the rate of energy flow out of the body and into the crack front per unit crack advance, serves as the driving force for dynamic crack propagation in coupled magnetic, electric, thermal and mechanical fields and can be evaluated through the crack-tip dynamic contour integral (Chen, 2009b) :
wherek is the kinetic energy per unit mass,ĥ is the Helmholtz free energy per unit mass, em u f ¼ 1 2
B Á B is the energy density of the free electromagnetic fields, e 0 is the vacuum permittivity, l 0 is the vacuum permeability, r is the Cauchy stress tensor, em r is the electromagnetic stress tensor, the total stress tensor t r ¼ r þ em r is symmetric, S ¼ E Â H is the Poynting vector in the co-moving frame
In analogy to the purely elastodynamic case (Freund, 1990) , by choosing the contour shown in Fig. 1 and allowing the contour shrunk onto the crack tip by first letting d 2 ! 0 and then d 1 ! 0, there is no contribution to e J 0 from the segments parallel to the e X 2 -axis and the segments along the crack faces. Furthermore, this is a convenient choice because n 1 ¼ 0 along the segments parallel to the e X 1 -axis. Consequently, the dynamic energy release rate for Mode-III crack propagation under general mixed loading is calculated from the asymptotic near-tip field solutions (see Appendix C) as e J 0 ðct; cÞ ¼ 2 lim 
p r e Lð0; 0; 1Þ
p r e Lð1; 0; 0Þ
p r e Lð0; 1; 0Þ
p r e Lð0; 0; 1Þ 
From (91) and (93), the dynamic energy release rate for Mode-III crack propagation in the presence of piezoelectric, piezomagnetic and magneto-electric coupling effects has an odd dependence on the dynamic electric displacement intensity factor and the dynamic magnetic induction intensity factor, i.e., e J 0 ðct; cÞ ¼ K 
As the crack propagating velocity c approaches the horizontal shear surface wave speed c k bg , the dynamic total stress intensity factor and the dynamic energy release rate do not vanish under mixed loading but they go to zero under traction loading only. The dynamic energy release rate is reduced to that for the electrically and magnetically permeable crack face condition as k e ! 0 and k m ! 0, for the electrically and magnetically impermeable crack face condition as k e ! 1 and k m ! 1, for the electrically permeable and magnetically impermeable crack face condition as k e ! 0 and k m ! 1, and for the electrically impermeable and magnetically permeable crack face condition as k e ! 1 and k m ! 0. As the crack propagating velocity c tends to zero, the quasi-static case is recovered, i.e., 
e J 0 ðct; cÞ
The normalized dynamic total stress intensity factor K ðrÞ IIIT ðct; cÞ=K ðrÞ IIIT ðct; 0Þ, the normalized dynamic crack opening displacement intensity factor K ðCODÞ IIIT ðct; cÞ=K ðCODÞ IIIT ðct; 0Þ and the normalized dynamic energy release rate e J 0 ðct; cÞ= e J 0 ðct; 0Þ under traction loading only are, respectively, plotted in Figs. 2-4 against the dimensionless crack velocity c=c k bg for a broad range of magnetoelectro-mechanical coupling coefficient ðk k em ¼ 0; 0:3; 0:6; 0:9; 0:99Þ. It is demonstrated that the normalized dynamic total stress intensity factor, the normalized dynamic crack opening displacement intensity factor and the normalized dynamic energy release rate decrease with the increase of the dimensionless crack velocity and the magneto-electro-mechanical coupling coefficient. In contrast to the results based on the vacuum solution provided by Li and Mataga (1996b) , it is found that both the dynamic total stress intensity factor and the dynamic energy release rate go to zero as c=c k bg ! 1 so that the horizontal shear surface wave speed serves as a speed barrier for the propagation of a Mode-III crack in a magneto-electro-elastic solid under traction loading only.
Concluding remarks
As an extension of previous studies on dynamic crack propagation in elastic and piezoelectric materials (e.g., Freund, 1972 Freund, , 1990 Li and Mataga, 1996a,b) , the present work accounts for permeability-dependent surface wave characteristics and applies the newly formed dynamic energy release rate (Chen, 2009a,b) to dynamic crack propagation in the presence of piezoelectric, piezomagnetic and magneto-electric coupling effects. Based on the closed-form solutions for transient Mode-III magneto-electro-elastic crack growth problems, the dynamic energy release rate determined from the crack-tip dynamic contour integral has an odd dependence on the dynamic electric displacement intensity factor and the dynamic magnetic induction intensity factor, which is compatible with the result on steady-state crack propagation (Chen, 2009a,b) .
The behavior of the moving crack in coupled magnetic, electric and mechanical fields depends on the permeability of the interior fluid region relative to the cracked solid region with the electrically and magnetically permeable crack face condition, the electrically and magnetically impermeable crack face condition, the electrically permeable and magnetically impermeable crack face condition and the electrically impermeable and magnetically permeable crack face condition as four limits. Especially, the horizontal shear surface wave speed becomes the bulk shear wave speed in the limit of electro-magnetic impermeability so that there is no horizontal shear surface wave mode under the electrically and magnetically impermeable crack face condition, which is in agreement with the former study on dynamic fracture of piezoelectric materials by Dascalu and Maugin (1995) . The electric and magnetic loads imposed on the surfaces of an electrically and magnetically permeable crack cause no alternation of the dynamic field intensity factors, which is in analogy to the finding by Haug and McMeeking (2006) on a permeable crack with surface charge in poled ferroelectrics.
Although dynamic fracture mechanics analysis of magnetoelectro-elastic solids has attracted more and more interests, the vacuum solution provided by Li and Mataga (1996b) is the only closed-form transient crack growth solution involving the Bleustein-Gulyaev surface wave mode for the vacuum-type crack face boundary condition available in the literature to the best knowledge of the author. The reduction of this work to the special case of dynamic crack propagation in a piezoelectric material resolves the questionable issues in the vacuum solution (Li and Mataga, 1996b) . Different from the vacuum solution by Li and Mataga (1996b) which leads to a ''new" static solution, the quasi-static limits of the present results are consistent with the static crack solutions in the literature (e.g., Zhang and Tong, 1996; Gao et al., 2004; Wang and Mai, 2004; Haug and McMeeking, 2006) . As the crack propagating velocity approaches the horizontal shear surface wave speed, neither the dynamic total stress intensity factor nor the dynamic energy release rate vanishes under mixed loading, but both the dynamic total stress intensity factor and the dynamic energy release rate go to zero under traction loading only. For the special case of an electrically permeable Mode-III crack propagating in a piezoelectric medium, it is found that the magneto-electro-mechanical coupling coefficient and the horizontal shear surface wave speed are reduced to the electro-mechanical coupling coefficient and the Bleustein-Gulyaev surface wave speed arising in the electrode solution (Li and Mataga, 1996a; Ing and Wang, 2004b) instead of the vacuum solution (Li and Mataga, 1996b 
